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IS^XttWISK, g#T-ii, #lc, H)7WpS|^ 
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fvU;fr-#*- k -^^/^-tX^- h^ffli^x 

[ 0 0 5 9] «A¥jg|-*3»t5mS?K^ro«glt N #1^. 
ll/^iT-StWt'ttfcl^ iiS, 0. 0 5~3^A<,/L 
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[0 0 6 0] ^HP^lctnii, #?LJf7^/WAOff^ 
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mmm sxT^mmwi^mifx^mm^mm-r^rK 

[0 0 6 3] (aK^S* U^^i^^WflBrofiftW 

GPC-l 5 0C) £ffll>\ jWKfco-i^nn-t:^ 
sfc, *?AHtShodex-80M (Bg?P 

mi (MO m Srffl^T, Ul 3 5tt*Lfc„ x 
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/d) ) X I 0 0 
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[0 0 6 9] (£?LW7^/U.A(D5S£$iJL3£M) * h- 

7~ y 9 m) ms.mm.^kmKE s-g 5 ^m^x. 5§# 

M Ltt»tfT4 o fc. ft <b ixfcffi figjftaia A» «b ft 
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©fcffil/\ 2 c m/#«i££T-fTfcofc„ 
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(54) POROUS FILM, PRODUCTION METHOD THEREOF AND USAGE 

THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a porous film, having a highly strong and 
uniform porous structure, also excellent in affinity for an electrolysis solution, and 
suitable as a separator of a fuel cell and a capacitor and the like, to provide a production 
method thereof, and further to provide the fuel cell and the capacitor that are obtained by 
using the separator composed of the above porous film. 

SOLUTION: The porous film is characterized in that the resin composition is composed 
of a high-molecular- weight polyolefin resistor 70-99.9 wt.% and a polymer of 0.1-30 
wt.% which has, as a main chain, a polyacrylate, polymethacrylate, polyethylene oxide, 
polypropylene oxide, polyethylenepropylene oxide, polyphosphazene, polyvinyl ether or 
polysiloxane structure, and as a side chain, a chain oligoalkylylene oxide. This porous 
film is obtained by heating and kneading the high-molecular- weight polyolefin resin and 
the above polymer in a solvent, molding the resultant kneaded material to a gel-type 
sheet, rolling and/or extending it, and thereafter removing the solvent. 



NOTICES 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention about the porosity film which can be conveniently 

used as a separator in a cell or a capacitor, and its manufacturing method in detail, 

Consist of a resin composition of the amount polyolefin resin of polymers containing 

ultrahigh-molecular- weight polyolefin resin, and the polymer which has chain 

oligoalkylene oxide structure in a side chain, and it has large intensity and homogeneous 

porous structure, and excels in the compatibility over an electrolysis solution especially. 

Therefore, it is related with the porosity film which can be conveniently used as a 

separator of a cell or a capacitor, and its manufacturing method. 

This invention relates to the cell and capacitor which use such a porosity film as a 

separator. 

[0002] 

[Description of the Prior Art] Conventionally, although practical use is presented with 
various cells, in order to correspond to the cordless making of electronic equipment, etc. 
these days, it is lightweight, higher electromotive force and high energy can be obtained, 
and, moreover, the lithium cell with little self -discharge attracts attention. For example, 
the cylindrical shape rechargeable lithium-ion battery is used so much as a cellular phone 
or an object for notebook personal computers. 

It is expected as auxiliary power of the battery for electromobiles, or a fuel cell, and the 
further high capacity-ization will be called for simultaneously from now on. 

[0003]As a negative pole material of such a lithium cell, intercalation compounds 
including metal lithium like the carbon material which can carry out occlusion discharge 
of a lithium alloy or the lithium ion can be mentioned. On the other hand, as a positive 
electrode material, the oxide of transition metals, such as cobalt, nickel, manganese, and 
iron, and the multiple oxide of these transition metals and lithium can be mentioned. 
[0004]Generally, in such a lithium cell, between an anode and a negative electrode which 
were mentioned above, in order to prevent the short circuit by direct contact inter- 
electrode [ these ], the separator is formed. As such a separator, in order to secure the 
permeability of the ion between anode negative electrodes, the porosity film which has 
much micropores is usually used, but. With regards to the battery characteristic, the 
various characteristics are required of such a porosity film for separators, and it is called 



on to be high intensity especially. 

[0005]Thus, that a porosity film is high intensity contributes to improvement in the 
assembly-operation nature of a cell, or decline in an internal short circuit defective 
fraction, and it leads to improvement in the capacity by thin-film-izing of a separator 
further. 

[0006]Thus, already as a method of manufacturing the porosity film which can be used as 
a separator for cells to JP,9-12756,A. The amount polyethylene of polymers containing 
ultra high molecular weight polyethylene is heated in a solvent, and it dissolves, and is 
considered as a solution, and after fabricating a gel sheet, extending this sheet and 
removing a residual solvent from this, the method of heat-treating is indicated. Generally, 
for manufacture of the porosity film for separators, polar low polyolefin resin tends to be 
fabricated on a sheet in this way, and it is going to high-intensity-ize by extending this to 
high magnification. 

[0007]On the other hand, in order to raise the degree of disassociation of lithium salt, the 
electrolysis solution used for the former, for example, a lithium cell, has high polarity, 
therefore it is inferior to compatibility with polyolefin resin in it. When the process which 
impregnates this electrode-separator structure object with an electrolysis solution is 
usually included in it after laminating and winding an electrode and a separator around an 
assembly of a cell, but a separator is inferior to compatibility to an electrolysis solution, 
Since time will be required in order to impregnate the above-mentioned structure with an 
electrolysis solution, the high separator of the compatibility over an electrolysis solution 
is demanded from a viewpoint of industrial manufacture of a cell. 
[0008]Generally, when using a porosity film as a separator for cells, for example, and the 
solution retention of a porosity film is low, there is a problem to which a cycle life, long- 
term stability, etc. of a cell fall. Here, if a porosity film has compatibility to an 
electrolysis solution, on the whole surface of a separator, ion permeation happens 
uniformly, and, in addition to the above-mentioned problem being solved, improvement 
in a discharge rate or the low-temperature characteristic can also be expected. 
[0009]Generally, as for the electrolysis solution, although it consists of what dissolved 
the electrolyte in the mixture of a low viscosity solvent and a hyperviscous solvent, in 
order to be improvement in the safety, it is advantageous to use a hyperviscous high 
boiling point solvent. However, a hyperviscous high boiling point solvent is inferior to 
compatibility with the porosity film which consists of polyolefin resin which was 
mentioned above, and the improvement of the characteristic of a polyolefin resin porosity 
film is strongly demanded from the place which cannot obtain the battery characteristic 
which should be satisfied in this way. 

[0010]So, to JP,1 1-40128,A. The polymeric material which can hold an electrolytic 
solution, for example, a fluoridation vinylidene-hexafluoropropylene copolymer, A 
mixture with crystalline polymer like the polyolefin resin for bearing intensity is heated 
and kneaded, and it fabricates and extends on a sheet, and is considered as a porous 
membrane, this is impregnated with an electrolytic solution, it gels, and the method of 
obtaining the solid electrolyte for the separators for cells is indicated. 
[001 l]By building the above-mentioned polymeric material into the porous membrane 
which consists of polyolefin resin according to such a solid electrolyte, Although the 
liquid-retentive improvement to an electrolysis solution is expectable, since the 
compatibility of crystalline polymer like polyolefin resin and the polymeric material 



which can hold the above-mentioned electrolytic solution is bad, it is difficult to 
distribute the above-mentioned polymeric material uniformly in crystalline polymer. In 
this way, since these mixtures tend to form sea island structure, the above-mentioned 
polymeric material is unevenly distributed in resin, and the characteristic of the solid 
electrolyte obtained becomes uneven easily. Since according to the described method 
there is also a possibility that exfoliation may arise in the interface of the electrolyte and 
resin which are unevenly distributed in resin, and a sheet may fracture from the surface of 
separation when extending a sheet, high magnification cannot be extended and there is a 
limit also in high-intensity-izing and thin-film-izing by extension in this way. 
[0012]When using ultrahigh-molecular- weight polyolefin resin as resin, Since the 
extension of the sheet which a tangle of a chain increases too much and is obtained itself 
becomes difficult, a colander is not obtained using polyolefin resin with a comparatively 
low molecular weight, but improvement in the intensity of the porosity film obtained has 
a limit also from this point. 
[0013] 

[Problem(s) to be Solved by the Invention]This invention was made in order to, solve the 
problem in the porosity film for using as a separator for a cell or a capacitor mentioned 
above for example, and it is It is providing the porosity film which has the purpose 
and homogeneous porous structure, is moreover excellent in compatibility with an 
electrolysis solution, and can be conveniently used as a separator for a cell or a capacitor, 
and its manufacturing method. 

An object of this invention is to provide the cell which uses the separator which consists 

of such a porosity film, and a capacitor. 

[0014] 

[Means for Solving the Problem] According to this invention, 70 to 99.9 % of the weight 
of the amount polyolefin resin of polymers, To a main chain, polyacrylate, 
polymethacrylate, polyethylene oxide, Polypropylene oxide, polyethylene propylene 
oxide, polyphosphazene, A porosity film consisting of a resin composition with 0.1 to 30 
% of the weight of polymer which has polyvinyl ether or polysiloxane structure and has 
chain oligoalkylene oxide structure in a side chain is provided. 

[00 15] According to this invention, 70 to 99.9 % of the weight of the amount polyolefin 
resin of polymers, To a main chain, polyacrylate, polymethacrylate, polyethylene oxide, 
Polypropylene oxide, polyethylene propylene oxide, polyphosphazene, 0.1 to 30 % of the 
weight of polymer which has polyvinyl ether or polysiloxane structure and has chain 
oligoalkylene oxide structure in a side chain is heated and kneaded in a solvent, After 
obtaining kneaded material, fabricating this on a gel sheet and rolling and/or extending it, 
a manufacturing method of a porosity film carrying out desolvation treatment is provided. 
[00 16] According to this invention, a cell and a capacitor which use a separator which 
consists of the above-mentioned porosity film, and such a separator are provided. 
[0017] 

[Embodiment of the Invention]The porosity film by this invention 70 to 99.9 % of the 
weight of the amount polyolefin resin of polymers, To a main chain, polyacrylate, 
polymethacrylate, polyethylene oxide, It consists of a resin composition with 0.1 to 30 % 
of the weight of polymer which has polypropylene oxide, polyethylene propylene oxide, 
polyphosphazene, polyvinyl ether, or polysiloxane structure, and has chain oligoalkylene 
oxide structure in a side chain. 



[0018]In this invention, as for the above-mentioned amount polyolefin resin of polymers, 
it is preferred that ultrahigh-molecular-weight polyolefin resin is included at least 30% of 
the weight, and it is preferred to contain in 50 to 100% of the weight of the range 
especially. When there are few rates of the ultrahigh-molecular-weight polyolefin resin in 
the amount polyolefin resin of polymers than 30 % of the weight, there is a possibility 
that the porosity film obtained may not have sufficient intensity. 
[0019]In this invention, ultrahigh-molecular-weight polyolefin resin has the weight 
average molecular weight more than 1.0x10 6 . That is, in this invention, ultrahigh- 
molecular-weight polyolefin resin has weight average molecular weight in the range of 
1.0x10 6 - 2.0x10 7 , and it is in the range of 1.5x10 6 - 1.5x10 7 preferably. As such 
ultrahigh-molecular-weight polyolefin resin, homopolymers, such as ethylene, propylene, 
1-butene, 4-methyl-l-pentene, and 1-hexene, copolymers, or these mixtures can be 
mentioned, for example. However, especially in this invention, ultra-high-molecular- 
weight-polyethylene resin is used preferably especially. 

[0020]In the amount polyolefin resin of polymers, amount polyolefin resin of polymers 
other than ultrahigh-molecular-weight polyolefin resin, The weight average molecular 
weight of less than 1.0x10 6 is usually a thing more than 1.0x10 4 , and weight average 
molecular weight is the range of 5.0x10 4 - 5.0x10 5 preferably. The same in having 
mentioned above also as such polyolefin resin, although homopolymers, such as ethylene, 
propylene, 1-butene, 4-methyl-l-pentene, and 1-hexene, copolymers, or these mixtures 
can be mentioned, Especially, high density polyethylene, low density polyethylene, 
polypropylene, etc. are preferred. 

[0021]The polymer which forms the porosity film by this invention with the above- 
mentioned amount polyolefin resin of polymers, It has polyacrylate, polymethacrylate, 
polyethylene oxide, polypropylene oxide, polyethylene propylene oxide, 
polyphosphazene, polyvinyl ether, or polysiloxane structure in a main chain, and has 
chain oligoalkylene oxide structure in a side chain. 

[0022] According to this invention, the polyether plural copolymers which have 
polyethylene oxide, polypropylene oxide, or polyethylene propylene oxide structure in a 
main chain, and have chain oligoalkylene oxide structure in a side chain also in such 
polymer are used preferably. It has polyethylene oxide or polyethylene propylene oxide 
structure in a main chain especially, They are chain oligo ethylene oxide structure, chain 
oligo propylene oxide structure, or chain oligo ethylene propylene oxide structure 
(especially) to a side chain. The polyether plural copolymers which have the former are 
used preferably also in chain oligo ethylene oxide structure or chain oligo propylene 
oxide structure. 

[0023]Such polyether plural copolymers already For example, JP,63-154736,A, Although 

being indicated to JP,9-324114,A, JP,10-130487,A, JP,10-176105,A, JP,10-204172,A, 

etc. is known, such polyether plural copolymers are explained below. 

[0024]The polyether plural copolymers which can be preferably used in this invention, as 

a monomer component — the ingredient 1 of following the (1) type - 99-mol % — 

preferably, 2-95-mol % and the ingredient 99 of (2) types - l-mol%, preferably, it is 

obtained using 98 - 5-mol %, the repeated structure unit is expressed with (3) and (4) 

types, and the weight average molecular weight is in the range of 10 4 - 10 1 . 

[0025] 

[Formula 9] 



R' 




[0026] 

[Formula 10] 

R" 
I 

CH 2 — CH ( 2 ) 



[0027] 

[Formula 11] 

R' 

^_H 2C _i_ 0 ^_ 

CH^O-fCH-CHi-O^-R, (3) 
R 

[0028] 

[Formula 12] 
f 

— (CH 2 -C— O}- (4) 

[0029]in the above -- inside of (1) type and (3) types, R, and R' -- respectively -- 
independent -- a hydrogen atom or a methyl group. Ri is a basis chosen from the alkyl 
group of the carbon numbers 1-12, the alkenyl group of the carbon numbers 2-8, the 
cycloalkyl group of the carbon numbers 3-8, the aryl group of the carbon numbers 6-14, 
and the aralkyl group of the carbon numbers 7-12, and the degrees of polymerization k of 
the oxyalkylene unit used as a side chain portion are 1-12. (2) And R' is a hydrogen atom 
or a methyl group among (4) types. 

Such polyether plural copolymers used in this invention, For example, the catalyst system 
which makes organic aluminium a subject as a catalyst for ring opening polymerization, 
It is obtained by making the monomer expressed with the above-mentioned (1) formula 
and (2) types react under the reaction temperature of 10-80 **, and churning under 
existence of a solvent or absence using the catalyst system which makes organic zinc a 
subject, an organic tin acid ester condensate catalyst system, etc. Especially, as a 

catalyst, an organic tin acid ester condensate catalyst system is preferably used 

from points, such as a degree of polymerization of the polyether plural copolymers 
obtained, and character. 

[0030]In manufacture of polyether plural copolymers, when the monomer component of 
the above-mentioned (2) formula exceeds 99-mol %, the rise of glass transition 
temperature and crystallization of an oxyethylene chain are caused, and the compatibility 
to the electrolysis solution of the porosity film obtained falls as a result. 
[0031]In [ in the monomer component of the above-mentioned (1) formula, R shows a 
hydrogen atom or a methyl group, and ] the oxyalkylene unit in the above-mentioned (1) 
type, R may show a hydrogen atom or a methyl group independently, respectively, a 



hydrogen atom may be sufficient as all, respectively, and a methyl group may be 
sufficient as all, and a part may be a hydrogen atom, and a methyl group may be 
sufficient as the emainder. Therefore, although an oxyethylene unit or an oxypropylene 
group unit may be sufficient as this oxyalkylene unit and an oxyethylene propylene unit 
may be sufficient as it, preferably, it is an oxyethylene unit or an oxypropylene unit, and 
is an oxyethylene unit especially. As for the degree of polymerization k of an 
oxyalkylene unit, 1-12 are preferred. When the value of the degree of polymerization k 
exceeds 12, good compatibility to the electrolysis solution of the porosity film which the 
homogeneity of the porosity film produced by the kneading nature of the amount 
polyolefin resin of polymers falling is spoiled, and is made into the purpose as a result 
cannot be acquired. 

[0032]moreover - in order for the molecular weight of the polyether plural copolymers 
used in this invention to acquire processability, a moldability, a mechanical strength, and 
pliability — weight average molecular weight — 10 4 - it is preferred that there are 10 7 in 
the range of 10 5 - 5x10 6 preferably. If weight average molecular weight is smaller than 
10 4 , the difference of the flow nature at the time of kneading with the amount polyolefin 
resin of polymers is large, and a homogeneous porosity film cannot be obtained. As a 
result, good compatibility to the electrolysis solution of the porosity film made into the 
purpose cannot be acquired. On the other hand, since the viscosity at the time of kneading 
is too high when the molecular weight of polyether plural copolymers exceeds 10 7 , 
kneading nature falls. 

[0033]Although any of a block copolymer and a random copolymer may be sufficient as 
such plural polyether copolymers used in this invention, a random copolymer is used 
preferably. 

[0034]As an example of a monomer component expressed with the aforementioned (1) 
formula, diethylene-glycol glycidyl methyl ether, dipropylene glycol glycidyl methyl 
ether, etc. can be mentioned, for example. According to this invention, two or more sorts 
of these mixtures may be used. 

[0035]Specifically, the monomer component expressed with the aforementioned (2) 
formula is ethylene oxide or propylene oxide. According to this invention, two or more 
sorts of these mixtures may be used. 

[0036]According to this invention, it has polyethylene oxide, polypropylene oxide, or 
polyethylene propylene oxide structure in a main chain, the polymer which has chain 
oligoalkylene oxide structure in a side chain — preferably especially, Polyether plural 
copolymers which were mentioned above, according to [ excel in the dispersibility to the 
amount polyolefin resin of polymers and ] this invention in this way - the amount 
polyolefin resin of polymers, and the above-mentioned polymer - preferably, A 
homogeneous porosity film can be obtained with high intensity by the method of 
mentioning later using the resin composition which consists of the above-mentioned 
polyether plural copolymers. 

[0037]thus, the amount polyolefin resin of polymers — preferably, Polymer which was 
mentioned above with ultrahigh-molecular- weight polyolefin resin, and by using 
polyether plural copolymers especially, Can raise compatibility with an electrolysis 
solution, i.e., the wettability to an electrolysis solution, without spoiling the intensity of 
the porosity film obtained, and. In kneading with ultrahigh-molecular- weight polyolefin 
resin, the chain of ultrahigh-molecular- weight polyolefin resin mutually since the chain 



of ultrahigh-molecular- weight polyolefin resin and the chain of the above-mentioned 
polymer become entangled highly, It distributes uniformly, without the above-mentioned 
polymer being unevenly distributed in the amount polyolefin resin of polymers, and the 
porosity film which has the uniform characteristic can be obtained, without producing a 
difference of the local characteristic in this way. 

[0038]The porosity film by this invention consists of a resin composition of said 70 to 
99.9 % of the weight of amount polyolefin resin of polymers, and 0.1 to 30 % of the 
weight of the above-mentioned polymer, and consists of a resin composition of 80 to 99 
% of the weight of the amount polyolefin resin of polymers, and 1 to 20 % of the weight 
of the above-mentioned polymer preferably. In a resin composition, when there are few 
rates of the above-mentioned polymer than 0. 1 % of the weight, the wettable 
improvement to an electrolysis solution cannot be obtained in the porosity film obtained. 
However, since compatibility with the amount polyolefin resin of polymers, therefore 
dispersibility worsen when there are more rates of polymer than 30 % of the weight, it the 
porosity film obtained is not only inferior to homogeneity, but will be inferior to 
intensity. The porosity film obtained has bad breathability and it cannot use as a practical 
separator in a cell or a capacitor. 

[0039]In the range which does not spoil the desirable characteristic, the porosity film by 
this invention may contain other resin suitably, in order to improve various additive 
agents, such as an antioxidant, an ultraviolet ray absorbent, and a spray for preventing 
static electricity, and the characteristic of a separator obtained. 
[0040]The porosity film by this invention can be obtained by deliquoring, after 
fabricating the kneaded material obtained by heating the amount polyolefin resin of 
polymers, and the above-mentioned polymer in a solvent, and kneading them on a gel 
sheet and rolling and/or extending this. 

[0041] As the above-mentioned solvent, the above-mentioned amount polyolefin resin of 
polymers is dissolved well, and it is preferred that a coagulating point is less than -10 **, 
and although not limited in particular, in this invention, the thing of the range of -10 ** to 
-45 ** is preferably used for a coagulating point. As a desirable example of such a 
solvent, aliphatic series or cyclic hydrocarbon, such as Deccan, a decalin, and a liquid 
paraffin, and a coagulating point can mention the mineral oil fraction corresponding to 
these, for example. However, a non volatile solvent like a liquid paraffin is preferred, 
especially, a coagulating point is less than -15 **, and the non volatile solvent of 65 or 
less est is preferably used for the kinetic viscosity at 40 **. 

[0042]The quantity of the solvent faced and used for preparing the above-mentioned 
kneaded material, Although not limited in particular, 70 to 95% of the weight of the 
range of kneaded material is usually preferred so that the amount polyolefin resin of 
polymers may be dissolved and the sheet obtained by a tangle of a moderate chain arising 
can roll and/or extend in kneading with polymer. When rolling and/or extending the 
obtained sheet and there is too little quantity of the solvent contained in a sheet, extension 
stress becomes high, the extension itself becomes difficult, when there is too much 
quantity of another side and a solvent, a sheet is lacking in independence nature and 
extension becomes difficult. 

[0043]According to this invention, add the above-mentioned kneaded material to a 
solvent, and it heats the amount polyolefin resin of polymers, Can dissolve the amount 
polyolefin resin of polymers and can obtain by adding and kneading polymer to this, and 



add the amount polyolefin resin of polymers, and polymer to a solvent, and they are 
heated, It can obtain also by kneading, dissolving the amount polyolefin resin of 
polymers in a solvent. 

[0044]In order to dissolve in a solvent the amount polyolefin resin of polymers 
containing ultrahigh-molecular-weight polyolefin resin and to make the chain of the 
amount polyolefin resin of polymers fully become entangled mutually, Kneading is 
preferred, the mixture which consists of polyolefin resin, polymer, and a solvent making 
high shearing force act. Therefore, according to this invention, a kneader, a twin screw 
extruder, etc. which can usually give shearing force strong against a mixture are 
preferably used for kneading of the solution form mixture of polyolefin resin and a 
solvent. 

[0045]In this invention, although kneading in particular of the above-mentioned mixture 
is not limited, it is usually performed at the temperature of the range of 1 15-185 **. Since 
the amount polyolefin resin of polymers is not dissolved and spread in a solvent when 
kneading temperature is too low, sufficient tangle in the chain of itself or the chain of 
polymer cannot be formed, and the porosity film of high intensity cannot be obtained by 
extension. However, since the amount polyolefin resin of polymers decomposes and the 
fall of a molecular weight takes place when kneading temperature is too high, similarly 
the porosity film of high intensity cannot be obtained. 

[0046]Subsequently, according to this invention, the kneaded material of the amount 
polyolefin resin of polymers, polymer, and the solvent which were produced by doing in 
this way is cooled to the temperature below the coagulating point of the solvent, and it 
fabricates on a gel sheet. According to this invention, after crystallizing the amount 
polyolefin resin of polymers, and fabricating on a gel sheet and fabricating kneaded 
material on a sheet, cooling kneaded material, cool this and it is considered as a gel sheet, 
and the amount polyolefin resin of polymers may be crystallized here. Thus, in order to 
fabricate kneaded material on a gel sheet, it may pressurize and roll between the 
reduction roll of the couple cooled beforehand, or the metal plate of a couple simply [ it is 
good and ] also by an extrusion method, for example. 

[0047]Although the thickness in particular of a gel sheet is not limited, its range of 3-20 
mm is usually preferred. 

[0048]Subsequently, according to this invention, after rolling, extending and deliquoring 
the gel sheet produced by doing in this way according to predetermined conditions, it 
heat-treats (heat setting) and the porosity film made into the purpose is obtained. 
[0049]According to this invention, when setting the melting point of ultrahigh-molecular- 
weight polyolefin resin to M, the above-mentioned gel sheet is rolled and/or extended at 
the temperature of the range of ** (M+5) (M-30) to **, and an oriented film is obtained. 
Although uniaxial stretching may be sufficient as extension of the above-mentioned gel 
sheet, and biaxial stretching may be sufficient and biaxial stretching is good here in either 
serial or simultaneous biaxial stretching, simultaneous biaxial stretching is preferred. 
[0050]In this invention, rolling magnification and draw magnification are area 
magnification computed from the thickness ratio before and after rolling or processing of 
extension, respectively, and according to this invention, the total draw magnification is 
defined by the product of such rolling magnification and draw magnification. 
[0051] According to this invention, the total draw magnification is so desirable from a 
viewpoint of high-intensity-izing and thin-film-izing that it is large, and is usually 25 or 



more times. A maximum is usually 400 times. 

[0052]Subsequently, desolvation treatment of the oriented film obtained in this way is 
carried out, and it is considered as a porosity film. As a solvent used for this desolvation 
treatment, for example Pentane, hexane, The thing of the easy- volatility of ether, such as 
hydrocarbon fluoridation, such as chlorinated hydrocarbon, such as hydrocarbon, such as 
heptane and Deccan, a methylene chloride, and a carbon tetrachloride, and 
ethanetrifluoride, diethylether, and dioxane, etc. is used preferably. These solvents are 
suitably chosen according to the solvent used for preparation of said kneaded material. 
[0053]What is necessary is to dry and just to remove, after immersing an oriented film in 
the above-mentioned solvent for desolvation treatment and replacing by the residual 
solvent in an oriented film, for example, in order to carry out desolvation treatment of the 
oriented film. 

[0054]According to this invention, in order to prevent or reduce the heat contraction of 
the obtained porosity film, it heat-treats (heat setting). As for this heat treatment, it is 
preferred to carry out by fixing the perimeter enclosure of a porosity film, making a 
heating roller contact or usually neglecting it in an oven, the range of that temperature is 
usually 1 10-140 **, and the ranges of that time are usually 10 minutes thru/or 2 hours. 
According to this invention, it may heat-treat in two steps if needed. 
[0055]Thus, although it is concluded that the porosity film by this invention obtained is 
because it is distributing uniformly while said polyether plural copolymers become 
entangled with the chain especially into said polymer and the detailed three-dimensional 
network structure which the amount polyolefin resin of polymers forms, It excels in 
compatibility with an electrolysis solution over the whole porosity film. The porosity film 
by this invention is thin, and high intensity. 

[0056]Generally an electrolysis solution consists of a solution which dissolved electrolyte 
salt in the proper organic solvent, and in this invention an electrolysis solution, Although 
what is necessary is just to choose suitably not by the thing limited especially but by 
demand characteristics and a use, For example, alkaline metals, such as hydrogen, 
lithium, sodium, and potassium, Alkaline-earth metals, such as calcium and strontium, 
the 3rd class, or quarternary ammonium salt is used as a cation constituent, The salt 
which uses organic acid, such as inorganic acid, such as chloride, nitric acid, phosphoric 
acid, sulfuric acid, fluoroboric acid, hydrofluoric acid, phosphoric acid hexafluoride, and 
perchloric acid, or carboxylic acid, organic sulfonic acid, and fluoride substitution 
organic sulfonic acid, as an anion constituent can be illustrated. 

[0057]In this invention, the electrolyte salt of electrolyte salt which uses alkali metal ion 
as a cation constituent, and uses trifluoroacetic acid and organic sulfonic acid as an anion 
constituent also in having mentioned above at inorganic acid or organic acid, and 
especially the latter is preferred. As such electrolyte salt, for example Lithium 
perchlorate, sodium perchlorate, Perchloric acid alkaline metals, such as potassium 
perchlorate, lithium tetrafluoroborate, Tetrafluoroboric acid alkaline metals, such as 
sodium tetrafluoroborate and potassium tetrafluoroborate, Lithium 
hexafluorophosphorate and sodium hexafluorophosphorate, Trifluoromethanesulfonic 
acid alkaline metals, such as trifluoroacetic acid alkaline metal [, such as hexa 
fluorophosphoric acid alkaline metals, such as potassium hexafluorophosphorate and 
trifluoro lithium acetate ], lithium, trifluoromethanesulfonate, etc. can be mentioned. 
[0058]The organic solvent which forms an electrolysis solution is not what is limited 



especially, either, As long as it can dissolve the electrolyte salt to be used, any may be 
sufficient, but especially, a nonaqueous solvent's is preferred and as an example, For 
example, ethylene carbonate, propylene carbonate, butylene carbonate, Chain ester 
species, such as ether, such as cyclic ester, such as gamma-butyrolactone, a 
tetrahydrofuran, and dimethoxyethane, dimethyl carbonate, and diethyl carbonate, can be 
mentioned, and these are independent or are used as two or more sorts of mixtures. 
[0059]Although the concentration in particular of the electrolyte salt in an electrolysis 
solution is not limited, it is the range of 0.05-3 mol / L, and is usually the range of 0.1-2 
mol / L preferably. 

[0060]According to this invention, can adjust the thickness of a porosity film with rolling 
at the time of rolling and/or extending this besides the thickness of the gel sheet from 
kneaded material, and/or draw magnification, but. In using the porosity film by this 
invention as a separator for cells, for example, The thickness 1-100 micrometers usually 
preferably, It is the range of 5-50 micrometers, a void content is 20 to 80% of range, 
permeability is the range of 100 to 900 seconds / lOOmL, and the range of 0.2 micrometer 
or less of average pore sizes which thrust and measured intensity by more than 3N and 
the BJH method per 25 micrometers is 0.01-0.05 micrometer preferably. 
[0061]Time until the compatibility with the electrolysis solution of the porosity film by 
this invention measures aging of resistance of a film where a porosity film is immersed in 
an electrolysis solution, and the resistance is stabilized is 10 or less seconds preferably 15 
or less seconds. 
[0062] 

[Example] Although an example is given to below and this invention is explained to it, 
this invention is not limited at all by these examples. The melting point of the resin used 
for below and the obtained characteristic of the porosity film were evaluated as follows. 
[0063] (Weight average molecular weight of ultra-high-molecular- weight-polyethylene 
resin) o-dichlorobenzene was measured at the temperature of 135 ** to the solvent again 
using the gel permeation chromatograph (the Waters make, GPC-150C), using Shodex- 
80M (made by Showa Denko K.K.) as a column. Data processing was performed using 
the data processing system by TRC. The molecular weight was computed on the basis of 
polystyrene. 

[0064] (Melting point of ultra-high- molecular- weight-polyethylene resin) Onset 
temperature of the differential scanning calorimeter (DSC) was made into the melting 
point of resin. Measurement was performed by a part for 10 **/. 

[0065] (Thickness of a porosity film) It asked based on the 10000 time scanning electron 
microscope photograph of the section of measurement and a porosity film by a 1/10000- 
mm thickness gage. 

[0066] (Void content) It computed with the following formula from the density d (g/cm 3 ) 
of the resin which constitutes weight [ of per the unit area S of a porosity film (cm 2 ) ] W 
(g), average thickness t (cm), and a porosity film. 

[0067]Void content (%) =(1- (100 W/S/t/d)) xlOO [0068] (Permeability of a porosity film) 
It measured based on JIS P 81 17. 

[0069] (Thrusting intensity of a porosity film) It examined by thrusting using product 
compression testing machine KES-Gmade from KATO Tech 5. Maximum load was read 
in the obtained load displacement curve, per 25 micrometers of thickness thrust, and it 
asked for intensity. The needle was performed at 2 cm/second in speed using the with 1.0 



mm in diameter, and a curvature radius [ of a tip ] of 0.5 mm thing. 
[0070] (Average pore size of a porosity film) It asked for the average pore size from the 
pore size distribution measured by the BJH method using the specific surface area and 
pore distribution measuring instrument ASAP2010 of the nitrogen adsorption-and- 
desorption method by Shimadzu Corp. 

[0071] (Compatibility over the electrolysis solution of a porosity film) The porosity film 
was pinched between two boards which have a hole 15 mm in diameter, it was immersed 
in the container which filled gamma-butyrolactone which is an organic solvent used for 
an electrolysis solution, and the resistance between both sides of a porosity film was 
measured. The product of a difference with the resistance (namely, resistance of an 
electrolysis solution) when not making a porosity film intervene and a measuring-plane 
product was computed as resistance, and time for the value change to become below 0.1 
ohm-cm 2 / second was made into the measure of the compatibility of a porosity film and 
an electrolysis solution. A porosity film has high compatibility to an electrolysis solution, 
so that the above-mentioned time is short. 

[0072] (Analysis of polyether plural copolymers) The monomer conversion presentation 
of polyether plural copolymers was searched for from the proton NMR spectrum. 
[0073]The weight average molecular weight of polyether plural copolymers was 
calculated by standard polystyrene conversion based on gel permeation chromatography 
measurement. Gel permeation chromatography measurement was performed at 60 ** 
using column "Shodex" KD-807 by Showa Denko K.K., KD-806, and KD-806M and 
KD-803, and solvent dimethylformamide using measuring device RID-6A by Shimadzu 
Corp. 

[0074]Reference example 1 (example of preparation of the catalyst for manufacture of 
polyether plural copolymers) agitator, Having put lOg of tributyltin chloride, and 35 g of 
tributyl phosphate into 3 mouth flask provided with the thermometer and the distillation 
apparatus, and agitating under a nitrogen air current, heated for 20 minutes at 250 **, the 
distillate was made to distill off, and the quality of a condensate of the solid state was 
obtained as a residue. This quality of an organic tin -**** acid ester condensate was used 
for below as a catalyst. 

[0075]The following formula (5) which carried out the nitrogen purge of the inside of the 
four glass mouth flask of the example of manufacture 1 (example of manufacture of the 
polyether plural copolymers A) capacity 3L, and was adjusted to the above-mentioned 
quality 0.3g of an organic tin -**** acid ester condensate, and the moisture of 10 ppm or 
less as a catalyst at this 
[0076] 

[Formula 13] 

CH 2 — CH-CH 2 -0-(cH 2 -CH 2 -o)-CH3 (5) 



[0077]It came out and the glycidyl ether compound 75g and 2000 g of solvent n-hexane 
which are expressed were taught, and consecutive addition of 325 g of the ethylene oxide 
was carried out to this, pursuing the conversion of the above-mentioned glycidyl ether 
compound with gas chromatography. The polymerization reaction stopped with 
methanol. After taking out the generated polymer in a decantation after the end of a 
polymerization reaction, it dried at 45 ** under decompression further at 40 ** under 



ordinary pressure for 10 hours for 24 hours, and the polyether plural copolymers A380g 
were obtained. 

[0078]The weight average molecular weight of these polyether plural copolymers A was 
2.8x10 6 , and the monomer conversion presentation (mole ratio) of these polyether plural 
copolymers A by a proton NMR spectrum was the above-mentioned glycidyl ether 
compound (5):ethylene oxide =5:95. 

[0079]In the example 1 of example of manufacture 2 (example of manufacture of 
polyether plural copolymers B) manufacture, the polyether plural copolymers B385g 
were obtained like the example 1 of manufacture except having used the glycidyl ether 
compound 200g and 200 g of ethylene oxide which are expressed with a formula (5). 
[0080]The weight average molecular weight of these polyether plural copolymers B was 
2.1x10 6 , and the monomer conversion presentation (mole ratio) of these polyether plural 
copolymers B by a proton NMR spectrum was the above-mentioned glycidyl ether 
compound (5):ethylene oxide =19:81. 

[0081]In the example 1 of example of manufacture 3 (example of manufacture of 
polyether plural copolymers C) manufacture, the polyether plural copolymers B380g 
were obtained like the example 1 of manufacture except having used the glycidyl ether 
compound 1 lOg and 290 g of ethylene oxide which are expressed with a formula (5). 
[0082]The weight average molecular weight of these polyether plural copolymers C was 
3.2x10 6 , and the monomer conversion presentation (mole ratio) of these polyether plural 
copolymers C by a proton NMR spectrum was the above-mentioned glycidyl ether 
compound (5):ethylene oxide =12:88. 

[0083]Add example 1 weight-average-molecular-weight 1.1x10 6 , ultra-high-molecular- 
weight-polyethylene resin 13.5 weight section with a melting point of 135 **, and 
polyether plural copolymer A1.5 weight section to liquid paraffin (kinetic viscosity 59cst 
at 40 **) 85 weight section, and it is considered as a slurry, This was taught to the small 
kneader, and at 160 **, it heated for 1 hour and kneaded. The obtained kneaded material 
was inserted into the metal plate beforehand cooled at -20 **, it cooled, and the 5-mm- 
thick gel sheet was obtained. 

[0084]Subsequently, it rolled and ranked second in heat pressing until thickness was set 
to 0.8 mm at the temperature of 120 **, and simultaneous biaxial stretching of this gel 
sheet was carried out in all directions [ 3.5x3.5 times as many ] at the temperature of 125 
**. The total draw magnification was made into 77 times. Subsequently, the obtained 
oriented film was immersed in heptane and deliquored. Then, the obtained film was heat- 
treated for 20 minutes at 127 **, and the porosity film by this invention was obtained, the 
thickness of this porosity film, a void content, and permeability — it thrusts and 
compatibility with intensity, an average pore size, and an electrolysis solution is shown in 
Table 1. 

[0085]In example 2 Example 1, use weight-average-molecular-weight 2.0x10 6 , ultra- 
high-molecular-weight-polyethylene resin 14.5 weight section with a melting point of 
136 **, and polyether plural copolymer B0. 5 weight section, and. The porosity film by 
this invention was obtained like Example 1 except having performed heat treatment for 
20 minutes at 130 **. the thickness of this porosity film, a void content, and permeability 
- it thrusts and compatibility with intensity, an average pore size, and an electrolysis 
solution is shown in Table 1 . 

[0086]Example 3 weight-average-molecular- weight 1.2x10 6 , ultra-high-molecular- 



weight-polyethylene resin 12.0 weight section with a melting point of 135 **, and 
polyether plural copolymer C3.0 weight section are added to liquid paraffin 85 weight 
section, Consider it as a slurry, and after teaching this to a twin screw extruder, heating it 
and kneading it, extrude on a 5-mm-thick sheet from a dice, and this is quenched, This 
was performed on the same conditions as Example 1, the gel sheet was obtained, rolling, 
simultaneous biaxial stretching, and after deliquoring, heat treatment was performed for 
20 minutes at 1 15 **, and the porosity film by this invention was obtained, the thickness 
of this porosity film, a void content, and permeability — it thrusts and compatibility with 
intensity, an average pore size, and an electrolysis solution is shown in Table 1 . 
[0087]Comparative example 1 weight-average-molecular- weight 1.2x10 6 and ultra-high- 
molecular-weight-polyethylene resin 15.0 weight section with a melting point of 135 ** 
were added to liquid paraffin 85.0 weight section, it was considered as the slurry, and this 
was taught to the small kneader, and at 160 **, it heated for 1 hour and kneaded. The 
obtained kneaded material was inserted into the metal plate beforehand cooled at -20 **, 
it cooled, and the 5-mm-thick gel sheet was obtained. 

[0088]Subsequently, it rolled and ranked second in heat pressing until thickness was set 
to 0.8 mm at the temperature of 120 **, and simultaneous biaxial stretching of this gel 
sheet was carried out in all directions [ 3.5x3.5 times as many ] at the temperature of 125 
**. The total draw magnification was made into 77 times. Subsequently, the obtained 
oriented film was immersed in heptane and deliquored. Then, the obtained film was heat- 
treated for 20 minutes at 127 **, and the porosity film was obtained. 
[0089]Thus, since the obtained porosity film consisted only of ultra-high-molecular- 
weight-polyethylene resin, its compatibility over an electrolysis solution was low. the 
thickness of this porosity film, a void content, and permeability — it thrusts and 
compatibility with intensity, an average pore size, and an electrolysis solution is shown in 
Table 1. 

[0090] Add comparative example double weight average molecular weight 2.0x10 6 , ultra- 
high-molecular-weight-polyethylene resin 9.0 weight section with a melting point of 136 
**, and polyether plural copolymer B6.0 weight section to liquid paraffin (kinetic 
viscosity 59cst at 40 **) 85.0 weight section, and it is considered as a slurry, This was 
taught to the small kneader, and at 160 **, it heated for 1 hour and kneaded. The obtained 
kneaded material was inserted into the metal plate beforehand cooled at -20 **, it cooled, 
and the 5-mm-thick gel sheet was obtained. 

[0091]Subsequently, it rolled and ranked second in heat pressing until thickness was set 
to 0.8 mm at the temperature of 120 **, and simultaneous biaxial stretching of this gel 
sheet was carried out in all directions [ 3.5x3.5 times as many ] at the temperature of 125 
**. The total draw magnification was made into 77 times. Subsequently, the obtained 
oriented film was immersed in heptane and deliquored. Then, the obtained film was heat- 
treated for 20 minutes at 127 **, and the film was obtained. 

[0092]In this comparative example, since the polyether plural copolymers B were used 
exceeding 30 % of the weight to the amount polyethylene resin of polymers, the 
distribution to the amount polyethylene resin of polymers was bad, and was not able to 
obtain a homogeneous porosity film. The void content and permeability of this film are 
shown in Table 1 . 

[0093]After kneading comparative example 3 weight-average-molecular-weight 2.0x10 5 , 
high-density-polyethylene resin 90.0 weight section with a melting point of 136 **, and 



polyether plural copolymer A10.0 weight section at 200 ** using the twin screw extruder 
and extruding on a 0.1 -mm- thick sheet from a dice, uniaxial stretching was carried out at 
125 **. 

[0094] Since a solvent was not used when replacing with the amount polyolefin resin of 
polymers and kneading this with the polyether plural copolymers A in this comparative 
example 3 using high-density-polyethylene resin, In the obtained kneaded material, the 
above-mentioned polymer was distributing in polyethylene resin as big and rough 
gelatinous material which is tens of micrometers, and a homogeneous porosity film was 
not able to be obtained by the extrusion molding using the above-mentioned twin screw 
extruder. Since high magnification extension was not able to be given to the obtained 
sheet, it was thin and the porosity film of high intensity was not able to be obtained. That 
is, when extension of 10 or more times was performed, in the obtained oriented film, the 
fracture had arisen selectively. 

[0095]It was 2N, when it thrust and intensity was measured about a part of film (55 
micrometers in thickness, 43% of void content) which a fracture did not produce. 
[0096] 

Table 1] ______ 
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[0097] 

[Effect of the Invention] As mentioned above, according to the method of this invention, 
the amount polyolefin resin of polymers containing ultrahigh-molecular- weight 
polyolefin resin and the polymer which has chain oligoalkylene oxide structure in a side 
chain are heated in a solvent, After fabricating the kneaded material obtained by 
considering it as kneaded material on a gel sheet and rolling and/or extending it, 
desolvation treatment is carried out and a porosity film is obtained. 
[0098]Such a porosity film by this invention is thin, and it excels in intensity, and excels 
in compatibility with an electrolysis solution. 

For example, it can use conveniently as the separator for cells, especially a separator of a 
lithium ion battery. 

It can use conveniently also for the separator of a capacitor. 



[Translation done.] 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A porosity film consisting of a resin composition with 0.1 to 30 % of the weight 

of polymer characterized by comprising the following. 

70 to 99.9 % of the weight of the amount polyolefin resin of polymers. 

It has polyacrylate, polymethacrylate, polyethylene oxide, polypropylene oxide, 

polyethylene propylene oxide, polyphosphazene, polyvinyl ether, or polysiloxane 

structure in a main chain, and is chain oligoalkylene oxide structure to a side chain. 

[Claim 2]The porosity film according to claim 1 which is that in which the amount 
polyolefin resin of polymers contains ultrahigh-molecular- weight polyolefin resin more 
than weight-average-molecular- weight 1.0x10 6 at least 30% of the weight. 
[Claim 3]The porosity film according to claim 1 which is polyether which polymer has 
polyethylene oxide, polypropylene oxide, or polyethylene propylene oxide structure in a 
main chain, and has chain oligoalkylene oxide structure in a side chain. 
[Claim 4]Polymer consists of the ingredient 1 of following the (1) type - the ingredient 99 
of 99-mol % and (2) types - 1-mol a monomer component with %, The porosity film 
according to claim 1 which are the polyether plural copolymers where a repeated 
structure unit is expressed with (3) and (4) types, and which have weight average 
molecular weight within the limits of 10 4 - 10 1 . 
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in the above -- inside of (1) type and (3) types, R, and R' -- respectively - independent - 
a hydrogen atom or a methyl group. Ri is a basis chosen from an alkyl group of the 
carbon numbers 1-12, an alkenyl group of the carbon numbers 2-8, a cycloalkyl group of 
the carbon numbers 3-8, an aryl group of the carbon numbers 6-14, and an aralkyl group 
of the carbon numbers 7-12, and the degrees of polymerization k of an oxyalkylene unit 
used as a side chain portion are 1-12. (2) And R' is a hydrogen atom or a methyl group 
among (4) types. 

[Claim 5]A manufacturing method of a porosity film characterized by carrying out 

desolvation treatment after heating and kneading 0.1 to 30 % of the weight of polymer 

characterized by comprising the following in a solvent, obtaining kneaded material, 

fabricating this on a gel sheet and rolling and/or extending it. 

70 to 99.9 % of the weight of the amount polyolefin resin of polymers. 

It has polyacrylate, polymethacrylate, polyethylene oxide, polypropylene oxide, 

polyethylene propylene oxide, polyphosphazene, polyvinyl ether, or polysiloxane 

structure in a main chain, and is chain oligoalkylene oxide structure to a side chain. 

[Claim 6] A manufacturing method of the porosity film according to claim 5 which is that 
in which the amount polyolefin resin of polymers contains ultrahigh-molecular-weight 
polyolefine more than weight-average-molecular-weight 1.0x10 6 at least 30% of the 
weight. 

[Claim 7]A manufacturing method of the porosity film according to claim 4 which is 
polyether which polymer has polyethylene oxide, polypropylene oxide, or polyethylene 
propylene oxide structure in a main chain, and has chain oligoalkylene oxide structure in 
a side chain. 

[Claim 8]Polymer consists of the ingredient 1 of following the (1) type - the ingredient 99 
of 99-mol % and (2) types - 1-mol a monomer component with %, A manufacturing 
method of the porosity film according to claim 4 which are the polyether plural 
copolymers where a repeated structure unit is expressed with (3) and (4) types, and which 
have weight average molecular weight within the limits of 10 4 - 10 1 . 
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in the above — inside of (1) type and (3) types, R, and R' ~ respectively ~ independent ~ 
a hydrogen atom or a methyl group. Ri is a basis chosen from the alkyl group of the 
carbon numbers 1-12, the alkenyl group of the carbon numbers 2-8, the cycloalkyl group 
of the carbon numbers 3-8, the aiyl group of the carbon numbers 6-14, and the aralkyl 
group of the carbon numbers 7-12, and the degrees of polymerization k of the 
oxyalkylene unit used as a side chain portion are 1-12. (2) And R' is a hydrogen atom or a 
methyl group among (4) types. 

[Claim 9]A manufacturing method of the porosity film according to claim 4 whose total 
draw magnification by rolling and/or extension is 25 or more times. 
[Claim 10] A separator which consists of the porosity film according to any one of claims 
1 to 4. 

[Claim 1 1]A cell which uses the separator according to claim 10. 
[Claim 12] A capacitor which uses the separator according to claim 10. 



[Translation done.] 



